We study the properties of gluons in QCD in the maximally abelian (MA) gauge. In the MA gauge, the off-diagonal gluon behaves as the massive vector boson with the mass M off ≃ 1.2 GeV, and therefore the off-diagonal gluon cannot carry the long-range interaction for r ≫ M −1 off ≃ 0.2 fm. The essence of the infrared abelian dominance in the MA gauge is physically explained with the generation of the offdiagonal gluon mass M off ≃ 1.2 GeV induced by the MA gauge fixing, and the off-diagonal gluon mass generation would predict general infrared abelian dominance in QCD in the MA gauge. We report also the off-diagonal gluon propagator at finite temperature.
Introduction
The quark-confinement mechanism is one of the most important subjects in the nonperturbative QCD. In the dual-superconductor picture [1] , the quark-confinement mechanism can be physically interpreted with the dual Meissner effect. In this context, the MA gauge has been paid much attention to construct the dual-superconductor picture from QCD [2] [3] [4] . In the MA gauge, diagonal gluon components behave as neutral gauge fields like photons, and off-diagonal gluon components behave as charged matter fields on the residual abelian gauge symmetry. In the MA gauge, the diagonal part of the gluon field has been demonstrated to play a dominant role to the nonperturbative quantities like confinement [5] and chiral symmetry breaking [6] . On the other hand, the off-diagonal part of the gluon field does not contribute to the long-range phenomena. This, abelian dominance [3] , is one of the key concepts to link the dual-superconductor picture from QCD.
Mass-Generation Hypothesis on Offdiagonal Gluons in the MA gauge
Abelian dominance for the infrared region, which we call "infrared abelian dominance", is usually discussed on the role of the diagonal component of the gluon field. However, in terms of the off-diagonal gluon, infrared abelian dominance can be expressed that off-diagonal gluon components are inactive at the infrared scale of QCD and can be neglected for the argument of the nonperturbative QCD. As a possible physical interpretation for infrared abelian dominance as infrared inactivity of off-diagonal gluon, we conjecture that the effective mass of the off-diagonal gluon
is induced in the MA gauge. If A ± µ acquires a large effective mass M off , the off-diagonal gluon propagation is limited within the short range as r
off . This mass-generation hypothesis on off-diagonal gluon in the MA gauge is formally expressed in QCD as follows [5, 7, 8] . The SU(2) QCD partition functional in the MA gauge is expressed as
where
which is diagonalized in the MA gauge [5, 8, 9] , and therefore the MA gauge fixing is provided by
Here, S 
µ ] is the effective action of the diagonal gluon component, and
at least in the infrared region. Since the effective mass M off is closely related to the off-diagonal gluon propagation, we study the gluon propagator in the MA gauge in terms of the interaction range using the SU(2) lattice QCD simulations [5, 7, 8] . Off-diagonal gluon
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Effective Mass of the Off-diagonal Gluon in the MA Gauge
In the Euclidean QCD, the MA gauge is defined by minimizing
In the MA gauge, the off-diagonal gluon components are forced to be as small as possible by the SU(2) gauge transformation [5, 9] . In the MA gauge, the SU(2) gauge symmetry is reduced into the U(1) 3 gauge symmetry. As for the residual U(1) 3 gauge symmetry, we impose the U(1) 3 Landau gauge fixing to extract most continuous gauge configuration under the MA gauge constraint and to compare with the continuum theory [5, 7, 8] .
To investigate the off-diagonal gluon mass M off , we study the Euclidean gluon propagator G 
Gluon Propagator in the MA Gauge at Finite Temperature
We study also the scalar-type gluon propagator in the MA gauge at finite temperature [10] . We measure the spatial correlation of G 
Summary and Concluding Remarks
We have studied the gluon propagator in the MA gauge in terms of the interaction range. We have found that infrared abelian dominance for the gluon propagator in the MA gauge, and the interaction range of the off-diagonal gluon is restricted within a short distance. The off-diagonal gluon behaves as the massive vector boson with the effective mass M off ≃ 1.2 GeV. Therefore, the off-diagonal gluon A ± µ can propagate only within the short range as r
off ≃ 0.2 fm, and cannot contribute to the infrared QCD physics in the MA gauge. Then, abelian dominance holds 
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Finite Temperature ------------------------------------------------------------------------------------------------------------------------------------------------- off ≃ 0.2 fm can be regarded as the critical scale of abelian dominance. In this way, essence of infrared abelian dominance in the MA gauge can be physically interpreted with the effective off-diagonal gluon mass M off induced by the MA gauge fixing, and the off-diagonal gluon mass generation seems to predict the general infrared abelian dominance in QCD in the MA gauge.
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